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U.S. DEPARTMENT OF COMMERCE, PATENT AND TRADEMARK OFFICE 



TRANSMITTAL LETTER TO THE UNITED STATES DESIGNATED/ELECTED OFFICE 
(DO/EO/US) CONCERNING A FILING UNDER 35 U.S.C. 371 



DyE^July 26, 200 1 



INTERNATIONAL APPLICATION NO.: . 
PCT/JP00/00375 



INTERNATIONAL FILING DATE: 
JANUARY 26, 2000 



PRIORITY DATE CLAIMED: 
JANUARY 26, 1999 



TITLE OF INVENTION: CROSSLINKABLE RUBBER COMPOSITION 



APPUCANT(S) FOR DO/EO/US: Koichi NISHIMURA, Toshio OHKAWA and Hideo FUKUDA 



Applicant hereby submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1. XX This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. _XX_ This express request to begin national examination procedures (35 USC 371(f)) at any time rather than delay examination until 

the expiration of the time limit set in 35 USC 371(b) and PCT Articles 22 and 39(1). 

4. _XX_ A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority 

date. 



5. _XX_ A copy of the International Application as filed (35 U.S.C. 371(c)(2)): 



a. is transmitted herewith (required only if not transmitted by the International Bureau). 

b. _XX_ has been transmitted by the International Bureau. 

c. is not required, as the application was filed in the United States Receiving Office (RO/US) 



6. _XX_ A translation of the International Application into English (35 U.S.C. 371(c)(2)), 

7 - JQL Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C, 371(c)(3)) 

a. are transmitted herewith (required only if not transmitted by the International Bureau). 

b. have been transmitted by the International Bureau. 

c. have not been made; however, the time limit for making such amendments has NOT expired. 

d. XX have not been made and will not be made. 

8. _j_ A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. ,_ An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

10. A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371(c)(5)). 

ITEMS 11. TO 16. BELOW CONCERN OTHER DOCUMENT(S) OR INFORMATION INCLUDED: 

11. _ An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

12. _ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

ASSIGNEE NAME AND ADDRESS: ZEON CORPORATION f Tokyo, Japan 

Please publish the assignee data with the application. 

13. XX A FIRST preliminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment 

14. A substitute specification. 

15. A change of power of attorney and/or address letter. 



16. XX Other items or information: International Search Report, 
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ATTORNEY'S DOCKET NO: 010931 



US APELIGATIQN^O,, ^ _ _ - INTERNATIONAL APPLICATION NO. 
(if kno*Q 9/869335 PCT/JP00/00375 


DATE: July 26, 2001 


17. _X. Tne following fees are submitted: 
Basic National Fee (37 CFR 1.492(a)(l)-(5): 

Search Report has been prepared by the EPO or JPO: $860.00 

International preliminary examination fee paid 

No international preliminary examination fee paid 
to USPTO (37 CFR 1.482) but international search fee 

Neither international preliminary examination fee 
(37 CFR 1.482) nor international search fee 

International preliminary examination fee 
(37 CFR 1.482) and all claims satisfied provisions 

> ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS 


PTO USE ONLY 


$ 860.00 




Surcharge of $130.00 for furnishing the oath or declaration later than _ 20 
y 30 months from the earliest claimed priority date (37 DVR 1.492(e)). 


$ loU.UU 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 






TOTAL 


11 -20 = 




X $ 18.00 






INDEPENDENT 


1-3 = 




X $ 80.00 






Multifile deoende 


nt claims(s) (if appl 


icable) 


+ $270.00 






TOTAL OF ABOVE CALCULATIONS = 


$ 990.00 




Reduction by 1/2 for filing by small entity, if applicable. (Note 37 CFR 1.9, 1.27, 
1.28). 






SUBTOTAL = 


$ 990.00 




Processing fee of $130.00 for furnishing the English translation later than — 20 
30 months from the earliest claimed priority date (37 CFR 1.492(f)). +_ 






TOTAL NATIONAL FEE = 


$ 990.00 




Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment 
must be accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). 

$40.00 per property + 






TOTAL FEES ENCLOSED = 


$ 990.00 






Amount to be: 

refunded 


$ 


charged 


$ 
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a. _XX_ A check in the amount of $ 990.00 to cover the above fees is enclosed. ($860.00 for filing fee and $130.00 for late filing of 
the declaration). (This paper is filed in triplicate) 



b . piease charge my Deposit Account No. 01-2340 in the amount of $ to cover the above fees. (A duplicate copy of this 

sheet is enclosed.) 

c. _X, The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to 

Deposit Account No. 01-2340. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed to request that the application be restored to pending status. 



Send All Correspondence To: 
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Stephen G. Adrian 
NAME 
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ARMSTRONG, WESTERMAN, HATTORI, 
McLELAND & NAUGHTON, LLP 
Suite 1000,1725 K Street, N.W. 
Washington, D. C. 20006 
Tel: (202)659-2930 
Fax: (202) 887-0357 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Koichi NISHIMURA et al. 

Serial No.: Not Yet Assigned 
(PCT/JP00/00375) 

Filed: July 26, 2001 

For: CROSSLINKABLE RUBBER COMPOSITION 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 July 26, 2001 

Sir: 

Prior to the calculation of the filing fees of the above application, please amend the 
application as follows: 

IN THE CLAIMS : 

Please amend claims 8 and 9 as follows: 

8. (Amended) The crosslinkable rubber composition according to claim 1, wherein the 
amounts of the nitrile rubber and the epihalohydrin rubber are 20 to 80% by weight and 80 to 20% 
by weight, respectively, based on the total weight of the rubber ingredient. 



9. (Amended) A crosslinked product obtained by crosslinking a crosslinkable rubber 
composition as claimed in claim 1 . 



Koichi NISHMURA et al. 



Docket No. 010931 



REMARKS 



The above amendment is believed to place the claims in proper condition for examination. 
Early and favorable action is awaited. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made. " 

In the event there are any additional fees required, please charge our Deposit Account No. 



01-2340. 



Respectfully submitted, 



ARMSTRONG, WESTERMAN, HATTORI, 
McLELAND & NAUGHTON, LLP 



Atty. Docket No. 010931 

Suite 1000 

1725 K Street, N.W. 

Washington, D.C. 20006 

Tel: (202)659-2930 
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Koichi NISHMURA et al. Docket No - 01 093 1 

VERSION WTTH MARKINGS TO SHOW CHANGES MADE 

Claims 8 and 9 have been amended as follows: 

8. (Amended) The crosslinkable rubber composition according to [any one of claims 1 to 
7] claim 1 , wherein the amounts of the nitrile rubber and the epihalohydrin rubber are 20 to 80% by 
weight and 80 to 20% by weight, respectively, based on the total weight of the rubber ingredient. 

9. (Amended) A crosslinked product obtained by crosslinking a crosslinkable rubber 
composition as claimed in [any one of claims 1 to 8] claim 1 . 
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Crosslinkable Rubber Composition 



TECHNICAL FIELD 



This invention relates to a cross linkable rubber 
composition giving a cross linked product having good ozone 
resistance, and comprising, as rubber ingredient; a nitrile 
rubber and an epihalohydrin rubber, and , as crosslinking agent, 



sulfur-containing crosslinking agent, a mercaptotriazine 
crosslinking agent and a 2 , 3-dimercaptoquinoxaline 
Crosslinking agent/ 



A blend (usually referred to as "polyblend" ) of an 
aery lonitrile -butadiene copolymer rubber (NBR) with a vinyl 
chloride resin (PVC) has heretofore been used as a material for 
producing a cros ©linked rubber product for which an oil 
resistance and an ozone resistance are required. However, when 
PVC is incinerated, dioxin which is a pathocrinia substance is 
produced unless the incineration temperature is carefully and 
precisely controlled . Therefore incineration of PVC is avoided 
and the demand for PVC is diminishing. 

As a substitute material for the polyblend which has good 
oil resistance and ozone resistance, a blend of NBR with an 
epihalohydrin rubber is known. NBR and an epihalohydrin rubber 
exhibit different crosslinking mechanisms and thus the rubber 
blend is impossible to crosslink with a single crosslinking agent . 
Attempts for co-crossllnking the two rubbers by using a 
combination of crosslinking agents which are effective for 
crosslinking the respective rubbers have been made. 

For example , a method of co- cross linking a blend of a diene 
elastomer and an epihalohydrin polymer was proposed wherein an 
organic polysulfide, which is a sulfur -donating compound 



at least two kinds of crosslinking agents selected from a 
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capable of aroselinking a diene rubber, and 2- 
mercaptolmidazoline or thiourea, which is a crosslinklng agent 
for an epihalohydrln polymer , and an oxide of magnesium , calcium r 
zinc or lead are incorporated together In the blend (Japanese 
Examined Patent Publication No. S50-4032) , However, where an 
oxide of magnesium , calcium or zinc is incorporated, the 
resulting co-crosslinked product has poor thermal aging 
resistance and dry physical properties, especially tensile 
strength, and the rate of cros slinking for the production thereof 
Is low and the productivity is poor- Lead oxide is toxic and 
its use is restricted. Therefore the above -proposed method of 
co -crosslinklng dien.6 elastomer/ epihalohydrin polymer has poor 
practical use. 

An attempt of oo - c r o e e 1 inking a blend of NBR and 
epihalohydrin rubber was made wherein sulfur as a crosslirtking 
agent and tetramethylthiuram monosulf ide or benzothiazolyl 
disulfide as a crosslinklng accelerator are used in combination . 
But, the croeslinked product has poor ozone resistance, 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a 
crosslikable rubber composition which is capable of giving a 
crosslinked product exhibiting improved oil resistance and 
ozone resistance, as a substitute material for the conventional 
polyblend. 

The present inventors made extensive researches to 
achieve the above-mentioned object and found that a blend of 
nitrile rubber and an epihalohydrln rubber can be co-crosslinked 
by using at least two kinds of cros slinking agents selected from 
a sulfur-containing crosslinklng agent, a mercaptotriazine 
crosslinklng agent and a 2, 3-dlmercaptoquinoxaline 
crosslinfcing agent, to give a crosslinked product exhibiting 
improved oil resistance and ozone resistance. 

Thus, in accordance with the present invention, there is 
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provided a crosslinkable rubber composition comprising, as 
rubber ingredient , a nit rile rubber and an epihalohydrln rubber , 
and, as cross linking agent, at least two kinds of crosslinking 
agents selected from a sulfur-containing crossllnking agent, 
a mercaptotriazlne crossllnking agent and a 2,3- 
dimercaptoguinoxaline croe slinking agent ; and further there is 
provided a croselinked product, 

BEST MODE FOR CARRYING OUT THE INVENTION 
[ Cross linkable Rubber Composition J 

The crosslinkable rubber composition of the present 
invention comprises , as rubber ingredient; a nitrile rubber and 
an epihalohydrln rubber, and, as cross linking agent, at least 
two kinds of crossllnking agents selected from a sulfur- 
containing crossllnking agent , a mercaptotriazlne cros slinking 
agent and a 2 , 3-dimercaptoquinoxraline crossllnking agent. 

Rubber Indredlflnt 

The rubber Ingredient used in the present invention is 
a combination of a nitrile rubber and an epihalohydrln rubber, 
(i) Nitrile Rubber 

Nitrile rubber contained in the rubber ingredient used 
in the present invention is prepared by copolymerlzlng an 
unsaturated nitrile compound such as acrylonitrile and 
methacrylonitrlle, with at least one conjugated diene monomer 
such as 2 -methyl- 1 , 3-butadiene, 1,3 -butadiene, I , 3-pentadlene 
and 2 -chloro- 1,3 -butadiene. If desired, at least one monomer 
copolymerizable with the unsaturated nitrile compound and 
conjugated diene monomer may be further copolymerized. Such 
copolymerizable monomers include, for example, unsaturated 
carboxylic acids such as acrylic acid, methacrylic acid, maleic 
acid, fumaric acid and itaconic acid; acrylic acid esters and 
methacrylic acid esters, such as methyl acrylate, methyl 
methaary late , ethyl acrylate, ethyl methacrylate , butyl 
acrylate, butyl methacrylate, 2-ethylhexyl acrylate, 2- 



4 



ethylhexyl methacrylate, lauryl acrylate, lauryl methacrylate, 
glycidyl acrylate, glycidyl methacrylate , 2 -hydroxy ethyl 
acrylate and 2 -hydroxy propyl methaorylate; and acrylic acid 
amides , methacryllc acid amides and their derivatives, such ae 
acrylamide , me thacryl amide , N-methylolacrylamide , N- 
methylolmethacrylamide, N-butoxymethylaorylamide and N- 
buto^ymethylmethacrylamide , The content of the 
copolymerizable monomer units in the copolymer Is preferably 
in the range of 0.1 to 15% by weight . A preferable nitrile rubber 
Is an acrylonitrile-butadiene copolymer rubber £ NBR ) . 

The amount of the unsaturated nitrile compound (usually 
referred to as "amount of bound unsaturated nitrile" ) in the 
nitrile rubber is not particularly limited, but is preferably 
in the range of 10 to 55% by weight . The amount is appropriately 
chosen so that the performances required for the crosslinked 
product , such as oil resistance and cold resistance, are 
satisfied. 

The nitrile rubber preferably has a Mooney viscosity (ML 1+4 , 
100°C) in the range of 25 to 140, more preferably 45 to 90. 
<ii) Epihalohydrin Rubber 

Epihalohydrin rubber contained in the rubber ingredient 
used in the present Invention includes a homopolymer of 
epihalohydrin such as epichlorohydrin or epibromohydrin , a 
copolymer of different kinds of epihalohydrin , and a copolymer 
of epihalohydrin and a copolymerizable monomer. The 
copolymerizable monomer includes, for example, alkylene oxides 
such as ethylene oxide, propylene oxide and butylene oxide? and 
unsaturated epoxides such as allyl glycidyl ether, glycidyl 
acrylate, glycidyl methaorylate, butadiene monoxide and 
vlnylhexene monoxide. These copolymerizable monomers may be 
used as a combination of at least two thereof. As 
preferable examples of the copolymer of epihalohydrin with a 
copolymerizable monomer or monomers, there a an be mentioned 
epihalohydrin (100-50% by mole ) -ethylene oxide (0-5D% by mole) 
copolymers, epihalohydrin (10-60% by mole ) -ethylene oxide 
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(0-50% by mole) -propylene oxide (0-30% by mole) terpolymers , 
epihalohydrln (90-70% by mole)-allyl glycidyl ether (10-30% by 
mole) copolymers , and epichlorohydrin (40-80% by mole) - ethylene 
oxide {50-20% by mole ) -allyl glycidyl ether (2-20% by mole) 
terpolymers. 

The epihalohydrin rubber preferably has a Mooney 
viscosity (ML 1+4 , 100°C) in the range of 30 to 140 / more preferably 
50 to 80* 

(iii) Other Rubbers 

If desired, the rubber ingredient used in the present 
invention may contain rubbers other than the above-mentioned 
nitrile rubber and epihalohydrln rubber, provided that the 
characteristics of the cr o s s 1 inkable rubber composition and the 
crossliafced product are not banefully influenced. Such 
optional rubbers include, example, natural rubber, 
p o lybu t adiene rubber, polylsoprene rubber, styrene- butadiene 
rubber, chloroprene rubber and acrylic rubber, 
(lv) Proportion of Rubbers 

Optimum proportion of the nitrile rubber and the 
epihalohydrln rubber is determined depending upon the 
properties desired for the cross linked product of the present 
invention, such as oil resistance ozone resistance. The amount 
of the nitrile rubber is preferably in the range of 20 to 80% 
by weight, more preferably 50 to 70% by weight, based on the 
total weight of the rubber ingredient. The amount of the 
epihalohydrln rubber is preferably in the range of SO to 20% 
by weight, more preferably 50 to 30% by weight, based on the 
total weight of the rubber ingredient. The amount of optional 
rubbers is such that the characteristics of the crosslinkable 
rubber composition of the present invention and the cross linked 
product of the present invention are not deteriorated, and is 
preferably not larger than 50% by weight, more preferably not 
larger than 30% by weight and especially preferably not larger 
than 10% by weight, based on the total weight of the rubber 
ingredient. 



Crosslinklng Agent 

The crosslinklng agent used in the present invention is 
a combination of at least two kindle of oros slinking agents 
selected from a Sulfur -containing cross linking agent , a 
mercaptotriazine crosslinklng agent and a 2,3- 
dlmercaptoguinoxallna cross linking agent. By using at least 
two kinds of the specified crosslinklng agents , the rubber 
ingredient used can be co-crosslinked to give a crossllnked 
product having excellent ozone resistance, as compared with a 
conventional product crossllnked by using each crosslinklng 
agent alone. 

(i) Sulfur -Containing Crosslinklng Agent 

The sulfur-containing crosslinklng agent used in the 
present invent ion has a function of crosslinklng a nltrile rubber . 
The sulfur-containing croselinking agent includes sulfur and 
sulfur- donating compounds* As specific examples of the 
sulfur-donating compounds, there can be mentioned thluram 
compounds such as tetraethylthiuram disulfide, 
tetraethylthiuram disulfide and dipent amothylene thiuram 
tetrasulflde, and morpholine disulfide/ 

A oros slinking accelerator is preferably used in 
combination with the sulfur- containing crosslinklng agent. 
Conventional crosslinklng accelerators used in combination with 
sulfur-containing crosslinklng agents for crosslinklng dlene 
rubbers can be used for crosslinklng the rubber Ingredient used 
in the present invention. As preferable examples of the 
crosslinklng accelerator, there can be mentioned thiuram 
accelerators such as tetramethyl thiuram monosulf ide , 
tetraethylthiuram disulfide, tetraethylthiuram monosulf ide 
and tetraethylthiuram disulfide; and thiazole accelerators such 
as benzothiazolyl disulfide, N-cyclohexyl-2-benzothlaaole- 
sulfenamide and N-oxydiethylene-2-benzothiazolesulf enamide. 
These crosslinklng accelerators may be used either alone or as 
a combination of at least two thereof. 

An accelerator activator can be used in combination with 
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the crossllnking accelerator. The accelerator activator 
Includes, for example, fatty acids such as stearic acid, oleic 
acid and lauric acid and their metal salts ; metal oxides such 
as zinc oxide and magnesium oxide? metal hydroxides such as 
calcium hydroxide ; and zinc carbonate , Of these , a combination 
of magnesium oxide and stearic acid is preferable because 
magnesium oxide functions as an acid acceptor as well ae an 
accelerator activator for an epihalohydrin rubber when the 
crosslinkable rubber composition is crosslinked- 

Tha amount of the sulfur- containing crossllnking agent 
is preferably in the range of 0 . 1 to 3 phr, more preferably 0 - 2 
to 3 phr , and especially preferably 0.3 to 1 .5 phr/ as expressed 
as amount of sulfur . By the term "phr." usad herein, we mean 
"parts by weight per hundred parts by weight of the rubber 
ingredient". 

The amounts of the cross linking accelerator and the 
accelerator activator are suitably determined depending upon 
the particular kinds thereof so that storage stability and 
crossllnking rate of a crosslinkable rubber composition and the 
properties required for a cross linked product are attained. 
The amount of the crossllnking accelerator is preferably in the 
range of 0.5 to 5 phr. The amount of the accelerator activator 
is preferably in the range of 0.1 to 3 phr where it is stearic 
acid, and preferably in the range of 0.5 to 10 phr where it is 
magnesium oxide, which la relatively large because magnesium 
oxide functions as an acid acceptor in addition to an accelerator 
activator. 

(ii)Mercaptotrlazine Crossllnking Agent 

The mercaptotrlalzlne crossllnking agent used in the 
present invention includes dimercaptotriazlne compounds and 
trimercaptotriazine compounds, both of which have a function 
of crossllnking an epihalohydrine rubber. As specific examples 
of the mercaptotriaiairLe crossllnking agent , there can be 
mentioned 2 , 4 , 6-trimercapto«s-triazine, 2-methyl-4 , 6- 
dimer capto - s - tr i az ine * 2 -methylamlno -4,6- dimercapt o - s - 
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triazine and 2-diethylanilno-4 , 6-dimfcrcapto-s- trlazine. Of 
these, 2, 4 , 6-trimercapto-s- triazine is preferable because It 
is easily available. 

The amount of the mercaptptri.afcine crosslinking agent is 
preferably in the range of 0.1 to 10 phr , more preferably 0 . 2 
to 8 phr and especially preferably 0.5 to 3 phr. 

An acid acceptor is preferably used in combination with 
the mercaototriazine crosslinking agent. In view of control of 
crosslinking rate and thermal stability of a crossslinked 
product; the acid acceptor preferably includes oxides, 
hydroxides , carbonates , carboxyllo acid salts , silicyc acid 
salts/ boric acid salts and phosphorous acid salts of metals 
of group II of the periodic table; oxides, basic carbonic acid 
salts , basic carboxylic acid ©alts /basic phosphorous acid salts , 
basic sulfurous acid salts and tribasic sulfuric acid salts of 
metals of group IVA of the periodic table ; and hydrotalcites , 

As specific examples of the acid acceptor, there can be 
mentioned magnesium oxide, magnesium hydroxide , barium 
hydroxide, magnesium carbonate, barium carbonate, quicklime , 
calcium hydroxide , calcium carbonate , calcium silicate , calcium 
stearate, zinc stearate, calcium phthalate, calcium phosphite, 
zinc oxide , tin o^ide, litharge, dibasic lead phthalate, dibasic 
lead carbonate/ tin stearate, basic lead phosphite, basic tin 
phosphite, basic lead sulfite and trlbasic lead sulfate . Of 
these, magnesium oxide is preferable in view of the crosslinking 
performance and properties of a cross linked product. 

Hydrotalcites are compounds represented by the formula: 

Mg JC Al y (0H)2 X+ 3y- 2 CO 3 'wH 2 O wherein x is an integer of 1 to 10 , y is an 
integer of 1 to 5 and w is a positive number . As specific examples 

of the hydrotalcites , there can be mentioned Mg 45 Al 2 (0H) 13 CO^3.5H 2 0. 
Mg< fi Ai 2 (OH) 13 C0 3 , Mg 4 AI 2 (OH) 12 CO r 3.5H 2 O t M« 6 AI 2 (OH) 1 6 CO 3 4H 2 0, 
M^AI 2 COH) 14 C0 3 .4H 2 0 and Me 3 AI 2 (OH) lD C0 3 '1.7H 2 0 . 

The amount of the acid acceptor is pref erbly in the range 
of l to 10 phr, 

A crosslinking accelerator can be used in combination with 
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the mercaptotriazine oros slinking agent , which includes organic 
bases having a dissociation constant PKa (as defined in Mujio 
Kotake , Dal-Yuki-Kagaku, separate volume 2 [Manual of Constants 
in Organic Chemistry] , p585-613, published toy Asakura Shoten) 
of at least 7 , As specific examples of the organic bases , there 
can be mentioned monof unctional amines Which Include strong 
bases such as laurylamine, guanidine/ dlphenyl guanidine , 
diorthotolylguanidlne, piperidine and pyrrolidine, and 
ultra-strong bases such as 1 r S-diasa-bicycloX 5 , 4 F 0 ) undcene- 
7 (hereinafter abbreviated to "DBU"). The crosslinking 
accelerator further includes primary, secondary and tertiary 
aliphatic amines, dlbenzylamine , benzylamine and N- 
methylmorpholine. Of these/ diphe ny lguanid in e having a low 
volatility and bases having PKa of at least 10 are preferable . 
Compounds capable of producing the organic bases having a PKa 
of at least 7 can also be used as the crosslinking accelerator, 
which include, for example, basic salts such as carbonic acid 
salt, phenol salts, hydrochloric acid salts, sulfuric acid salts 
and oxalic acid salts of the organic bases; and sodium salt, 
zinc salt/ copper salt/ lead salt and piperidine salt of 
dithiocarbamlc acid. 

A crosslinking retardant can also be used, such as N- 
cyclohexylthiophthalintde . 

The amounts of the crosslinking accelerator and the 
crosslinking retardant are appropriately determined depending 
upon the particular kinds thereof , and preferably in the range 
of 0/1 to 10 phr, more preferably 0.3 to 5 phr. 

A crosslinking aid can also be used in combination with 
the organic base crosslinking accelerator. The crosslinking 
aid includes oxides of metals of group riA and group I IB of the 
periodic table, such as calcium oxide, magnesium oxide and zinc 
oxide. 

(lii) 2, 3-dimeroaptoquinoxaline Crosslinking Agent 

The 2,3-dlmercaptoquinoxaline crosslinking agent used in 
the present invention is a compound represented by the following 
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general formula: 




wherein each of R 1 through R 4 Independently represents a hydrogen 
atom or C x - C 4 alky 1 group. 

As specific examples of the 2 , 3 - dimer captpquinoxaline 
croselinking agent , there can be mentioned quinoxallne- 2 , 3- 
dlthlocarbonate , 6-methyl(3uinoxaline-2 , 3-dithiocarbonate, 
6 - isopropylqulnoxaline- 2 , 3 -dithiocarbonate and 5,8- 
dimethylquinoxaline-2 , 3-dithiocarbonate . 

The amount of the 2 , 3 - dlinercaptoquinoxallne cros slinking 
agent la preferably in the range of 0 . 1 to 10 phr, more preferably 
0,5 to 3 phr. 

Where the 2 , 3-dimercaptoqulnoxaline crossllnklng agent 
is used; a cross linking accelerator and a accelerator activator 
can also be used. The kind and amount of the crossllnklng 
accelerator and a accelerator activator may be the same as those 
described above a$ for the mercaptotriazine crossslinking 
agent . . 

(iv) Proportion of Crossllnklng Agents 

The proportion of the crossllnklng agents used may be 
appropriately chosen depending upon the particular combination 
of crossllnklng agents. For example, {!) where the sulfur- 
containing crossllnklng agent and the mercaptotriazine 
crossllnklng agent are used in combination, the amount of the 
sulfur-containing crossllnklng agent is preferably in the range 
of 0.1 to 5 parts by weight, more preferably 0.3 to 3 parts by 
weight, per 1 part by weight of the mercaptotriazine crossllnklng 
agent; (2) where the sulfur- containing crossllnklng agent and 
the 2,3-dimercaptoquinoxaline crossllnklng agent are used In 
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combination, the amount of the sulfur-containing crosslinking 
agent is preferably in the range of 0,1 to 5 parts by weight, 
more preferably 0.3 to 3 parts by weight, per 1 part by weight 
of the 2, 3-dimeroaptoquinoxaline crosslinking agent; (3) where 
the mercaptotriazine arose linking agent and the 2 P 3- 
dimercaptoquinoxaline crosslinking agent are used in 
combination , the amount of the mercaptotriazine crosslinking 
agent is preferably in the range of 0,2 to 5 parts by weight, 
preferably 0,5 to 3 parts by weight, per 1 part by weight of 
the 2 r 3-dimercaptoquinoxallne crosslinking agent ; And (4) 
where the three kinds of crosslinking agents are used in 
combination, the amount of the mercaptotriazine crosslinkiiig 
agent is preferably in the range of 0*2 to 5 parts by weight , 
preferably 0,5 to 3 part's by weight, per 1 part by weight of 
the 2 , 3-dlmercaptoquinoxallne crosslinking agent , and the 
amount of the sulfur- containing crosslinking agent is 
preferably in the range of 0. 1 to 5 parts by weight , more 
preferably 0.3 to 3 parts by weight; per 1 part by weight of 
the 2 , 3-dimercaptoquinoxaline crosslinking agent, 
Ot-har Tngrftfll fttita 

If desired/ the crosslinkable rubber composition of the 
present invention may contain optional ingredients other than 
the above -described rubber ingredient, crosslinking agents, 
crosslinking accelerators and others, provided that the object 
and of feet of the present invention are not banefully influenced. 
Such optional ingredients include, for example , reinforcing 
agents such as various types of carbon black/ silica and clay? 
fillers such as calcium carbonate? plasticizers ; processing 
aids; and antioxidants. The optional ingredients are not 
particularly limited and can be selected from those which have 
heretofore been used for NBR and an epihalohydrln rubber. 

Mixing 

The crosslinking agent of the present invention can be 
prepared by mixing or kneading together the above- specified 
rubber and crosslinking agents and other optional ingredients 
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by using a mixing mean. 8 Such as a roll , a Banbury mixer and an 
internal mixer. 

The manner and order in which the respective ingredients 
are mixed are not particularly limited . For example , (1) a 
ni trile rubber and a halohydrin rubber are blended , and then , 
crosslinking agents and other ingredients are mixedor kneaded 
together With the rubber blend? and (2) a crosslinking agent 
and other ingredients are mixed or kneaded together with each 
of a nltrlle rubber and a halohydrin rubber , and then the two 
rubber compositions are mixed together* 

Preferably, the rubber ingredient is first mixed with 
ingredients which are relatively difficult to react or thermally 
decompose under high temperature conditions, such as a 
reinforcing agent and a filler, and then, the resulting mixture 
is mixed with ingredients, which are relatively easy to react 
or thermally decompose under high temperature conditions , at 
a low temperature and within a short period of time. 

[Crosslinked Rubber Product] 

A rubber article comprised of a crosslinked rubber having 
excellent static and dynamic ozone resistance and oil resistance 
can be made from the cros slinkable rubber composition of the 
present invention, 

(1) Molding Method and Crosslinking Method 

The molding method and the crosslinking method for making 
the crosslinked product from the cros slinkable rubber 
composition of the present invention are not particularly 
limited* The molding method and the crosslinking method can be 
conducted concurrently, or successively in this order, 
according to the molding method, the crosslinking method and 
the shape of the crosslinked product. 

The lower limit of the crosslinking temperature for 
crosslinking the crossllnkable rubber composition is preferably 
130 o C, more preferably 140°C* The upper limit thereof is 
preferably 200°C, if the crosslinking temperature is too low, 
the crosslinking time is liable to be long and the crosslinking 
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density tends to be lowered- In contrast, if the crosslinking 
temperature is too high, the crossslinklng proceeds within a 
short time and defective moldings are liable to be produced. 

The crosslinking time varies depending upon the 
particular crosslinking method , crosslinking temperature and 
shape of the crosslinked product, but is preferably in the range 
of 1 minute to 5 hours in view of the crosslinking density and 
the production efficiency. 

The heating method may be appropriately chosen from those 
which are conventionally employed for crosslinking rubbers and 
which include press heating, steam heating, oven heating and 
hot air heating. 
. ' ■ ■ : Iifl£ 

The crosslinkable rubber composition of the present 
invention is especially suitable as material for hoses such as 
a fuel hose, a lubricating oil hose and an air hose, and rubber 
rolls such as an office machine roll, a printing roll and 
paper-making roll, 
(i) Hose 

For the use of hoses, the crosslinkable rubber composition 
of the present Invention is used as material for making a single 
layer hose, or for making an inner layer and/or an outer layer 
of a mult i- layer hose. 

Hoses are usually made by extruding rubber material 
through an extruder into a tubular form. However, a short hose 
can be made by using a mold, e.g. , by injection molding or press 
molding. In a process of making a single layer hose, a single 
layer of the crosslinkable rubber composition is formed and, 
according to the need, a reinf orcing layer comprised of a woven 
or knitted fabric is formed on the surface of the single rubber 
layer. In a process of making a rnulti- layer hose, for example, 
a single inner layer of the crosslinkable rubber composition 
is formed and, according to the need, a reinforcing layer is 
formed on the surface of the single inner rubber layer, and an 
outer rubber layer of the crosslinkable rubber composition is 
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formed further on the reinforcing layer by using an extruder, 
and If desired another reinforcing layer is further formad on 
the outer rubber layer . 

The thus- formed uncrossl inked rubber hose is subjected 
to cross linking to give a hose as a crosslinked product by a 
method wherein it is heated with steam in a vulcanizer, or a 
method wherein it is cut into a predetermined length , a mandrel 
is inserted into the cut rubber hose, and the rubber hose is 
heated with steam in a vulcanizer. 
(ii) Roll 

For the use of a roll , the cross linkable rubber composition 
of the present invention is used for the formation of a rubber 

layer of a roll, 

When the roll has a small size, there can be adopted a 
method wherein the crosslinkable rubber composition is injected 
into a mold having a metal core rod placed therein, and then 
press curing is conducted, and a method wherein the crosslinkable 
rubber composition is extruded through an extruder into a tubular 
form, a core rod is inserted within the tubular extrudate, and 
the tubular extrudate is placed in a mold to conduct press curing. 

When the roll has a large size, there can be adopted a 
method wherein the crosslinkable rubber composition in the form 
of sheet is wound around a metal core rod to a predetermined 
thickness, and then heated with steam in a vulcanizer to give 
a crosslinked rubber roll . When the sheet wound around the metal 
core rod is relatively soft, the wound sheet can be heated with 
steam in a vulcanizer, as it is, to give a crosslinked rubber 
roll. But, when the sheet wound around the metal core rod is 
relatively rigid, the wound sheet is rolled with, for example , 
a nylon wrapper, and then heated with steam in a vulcanizer to 
give o. crosslinked rubber roll. 

The crosslinked rubber roll is surface-polished or 
surf ace- treated to be thereby made into a finished article having 
desired appearance, shape and precision. 

Working Examples 
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The invention will now bo described in detail by the 
following working examples. 

Examples 1-8 and Comparative Examples 1-5 
The following rubber ingredient© were used, 

(i) NDR (1) j bound aorylonltrlle contents 33 < 5% by weight, 
bound butadiene content : 66. 5% by weight , Mooney viscosity (ML 1+4 , 
100 P C) j 78, tradename "Nipol™ 104 2" available from Zeon 
Corporation 

(ii) NBR (2)V bound aory Ion itrile content: 41 .0% by weight, 
bound butadiene content s 59 |p% by weight , Mooney vlsoosity (ML 1+4# 
100°C) j 83, tradename "Nlpol™ 1041" available from Zeon 
Corporation 

(ill) Eplchiorohydrin rubber; eplchiorohydrin -allyl 
glycidyl ether copolymer, bound eplchiorohydrin content ; 94% 
by weight , bound allyl glycidyl ether content : 6% by weight, 
Mooney viscosity £ML 1+4 „ 100°C) t 60 / tradename "Gechron™ 1100" 
available from Zeon Corporation 

(iv) Polyblend: mixture of 70 parts by weight of NBR (bound 
acrylonitrile content i 33 \ 5% by weight, tradename "Nipol™ 1203" 
available from Zeon Corporation) and 30 parts by weight of 
polyvinyl chloride. 

According to the recipe shown in Table 1, rubber 
ingredients were mixed together with ingredients other than the 
or os s 1 Inking agen t s , crosslinklng accelerator and accelerator 
activator by using a 0,8 liter Banbury mixer at a preset 
temperature of lOO^C, and then, the resulting mixture was mixed 
together with the crosslinking agents , cross linking accelerator 
and accelerator activator at a preset temperature of 50°C to 
prepare a cross linkable composition. 

The ingredients used were as follows. 

(1) FEF carbon blacks average particle diameteri 51 Urn, 
specific surface area: 56 m 2 /g, pH value t 7*7, tradename "Asahi 
#60" available from Asahi Carbon K.K. 

(ii) SRF carbon black: average partlole diameter: 58-94 U 
m, specific surface area: 25-30 m 2 /g, pH value: 7.5-9.0, 
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tradename "Seast™ F" available from Tokai Carbon K.K, 

(111) Clay: specific gravity; 2/62, hard clay, 99.8% passing 

through sieve with 325 mesh size, tradename "Dixie Clay™" 

available from R . T . Vanderbilt Co . 

(iv) Calcium carbonate; fatty acid- treated product , average 

particle diameter: 0 . 04 Mm, specific surface area : 30-32 m 2 /g, 

specif ic gravity: 2,55-2 , 57 , pH value: 8,7-9, CaO content: 54. 1% 

by weight, tradename "Hakuennka CC" available from Shiralshl 

Kogyo K.K. 

(v} Magnesium oxide : MgO content : 97 . 5% by weight , apparent 
specific gravity 0.25-0.35 g/ml. specific surface area (BET) s 
60-100 mVg, tradename "Kyowamag™ 100" available from Kyowa 
Kagaku Kogyo KMC. 

(vi) Lead oxide: #1 lead oxide made by French method, tradename 
"zinc flower #1" available from Sakai Chem. Ind. Co. 

(vll) Sulfur: passing through sieve with me eh size 325 , 
tradename "Kinka-mark fine sulfur" available from Tsurumi 
Kagaku Kogyo K.K. 

(vi.il) 2-ethylhexyl phthalate: Dalhacht Kagaku K.K, 

( ix ) Tetramethylthiuram disulfide: tradename " Ndcceler™ TT " 
available from Ohuchi Shinko kagaku Kogyo K.K. 

(x) N-cyciohexyi- 2-benzothiazylsuif enamide , tradename 
"Nocceler™ CZ" available from Ohuchi Shinko kagaku Kogyo K.K. 

(xi) 2 r 4 , 6 - trimercapto - s - triaaine ? tradename "Zisnet-F™" 
Sankyo Kasei K.K, 

(xli) 6 -met hylqulnoxal lne -2,3- dlthiocarbama t e : tradename 
" DAI SONET™ XL-21" available from Dais o K.K. 

(xlll) DBU salt: DBU salt of phenol-novolak resin, DBU 
content t 30% by weight, tradename "U-CAT™ £A 841" available from 
Sun Avot Co * 

Each crossllnkable rubber composition was press -cured at 
160°C for 30 minutes (in working examples other than Comparative 
Example 5) or 15 minutes (in Comparative Example 5) to prepare 
a crolsslinked rubber sheet having a thickness of 2 mm. 
Mechanical properties {tensile test) and static and dynamic 
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ozone resistance of the crosslinked rubber sheet were evaluated 
according to JIS K6301. 

Static ozone resistance was determined by a method wherein 
a specimen drawn by 20% was exposed to an atmosphere having an 
ozone concentration of 50 pphm at a temperature of 40°C. State 
of crack occurrence was observed after a stated period of time 
elapsed . Dynamic ozone resistance was determined by the same 
method as the above-mentioned method for evaluation of static 
ozone resistance, except that the crack occurrence state was 
observed while a specimen was repeatedly drawn at an elongation 
of 0 to 30% . In Table 1 and Table 2 , "NC" means that crack did 
not occur , and other denotations such as " A2 " and "B3" means 
states of crack occurrence as expressed according to JIS K6301 . 
In Table 2, "broken" means that cracks occurred and further the 
specimen was broken . Denotation " - " means that a specimen was 
broken at the previous observation and thus was not observed. 
Denotation "NM" means that a specimen exhibited a too large 
permanent set and thus the crack occurrence state could not be 
evaluated under the specified conditions. 

In the tensile test, denotation "TB" means tensile 
strength at break, "EE " means elongation at break, 11 M l0O " means 
modulus at 100% elongation, and "HS" means hardness as measured 
according to JIS method A. 

Permanent set was measured according JIS K6301. Rubber 
having a too large permanent set has no practical use. In general, 
it is said that rubber having a permanent set not larger than 
10% has a practical use . A specimen having a too large permanent 
set is not suitable for evaluation of its ozone resistance 
wherein measurement is conducted on a specimen having a 
predetermined elongation given thereto. 

Evaluation results of the above-mentioned properties are 
shown in Table 1 and Table 2. 
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Table 2 



rnmparatlva Examplas 



TngrfifHantfl (weight parts ) 
Rubber ingredient 

NBR (1) 60 6 0 60 

NBR (2) 

Epichlorohydrin rubber 40 40 40 

Polyblend - 
Crosalinking agent 

Sulfur 0.5 - - 

2 , 4 4 6-Tz-imercapto-s-triazine - 1 
e-Metbylqulnpxaline - 2 , 3 - 

dithiocarbamate - - 1*5 

Crosalinking accelerator 
^tetraethylthiuram 

disulfide 1 - 

N - cycloJiexyl - 2 - ben? o - 
thiazylsulf enamide 1 

Accelerator activator 
Magnesium oxide 3 3 3 

zinc oxide - - - 

Stearic *cid 11 l 

2-Ethylhexyl phthalate - - 

Other ingredients 

Calcium carbonate 5 5 5 

FEF carbon black SO 50 50 

SRF carbon black - - - 

Clay - - " 

Dry physical properties 

*VB (MPa) 19.8 13.8 

EB (%) 460 810 



M l0d (MPa) 2.94 2.45 

HS 66 68 

Permanent set (%) 7.2 25.5 

Static ozone 24 hours C3 NM 
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In Comparative Examples 1 to 4, crosslinkable rubber 
compositions each having one kind of croa slinking agent were 
prepared, their crpsslinked products were made and their 
properties were evaluated. In Comparative Example 5, a 
crosellnkable rubber composition having a conventional 
polyblend was prepared/ its cros s linked product was made and 
its properties were evaluated , Crosslinked products made in 
Comparative Examples 1 to 4 have a too large permanent set or 
poor static and dynamic ozone resistances , as compared with the 
crosslinked product having a conventional polyblend made in 
Comparative Example 5, 

In Examples 1 to 8, cross linkable rubber compositions of 
the present invention were prepared , their crosslinked products 
were made and their properties were evaluated. As seen from the 
evaluation results, the crosslinked products exhibit 
approximately the same permanent set and static ozone resistance 
and improved dynamic ozone resistance/ as compared with the 
crosslinked product having a conventional polyblend made in 
Comparative Example 5* 

INDUSTRIAL APPLICABILITY 

The cross linkable rubber composition of the present 
invention gives a crosslinked product exhibiting approximately 
the same permanent set and static ozone resistance and much 
improved dynamic ozone resistance , as compared with a 
crosslinked product having a conventional NBR/PVC polyblend. 
Therefore, the crosslinkable rubber composition is suitable as 
material for making rolls and hoses. 
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CLAIMS 

1. A crosslinkable rubber composition comprising, as 
rubber ingredient , a nitrile rubber and an eplhalohydrih rubber , 
and, as crosslinking agent, at least two kinds of crosslinking 
agents selected from a sulfur -containing crosslinking agent , 
a mercaptotriazine crosslinking agent and a 2,3- 
dlmercaptoqulnoxallne crosslinking agent- 

2. The crosslinkable rubber oomposit ion according to 
claim 1, wherein the sulfur-containing crosslinking agent and 
the mercaptotriazine crosslinking agent are contained in 
combination in amounts of 0.1 to 3 phr as the amount of sulfur r 
and 0.1 to 10 phr, respectively. 

3 . The crosslinkable rubber composition according to 
claim 2; wherein the amount of the sulfur-containing 
crosslinking agent is in the range of 0 .1 to 5 parts by weight 
per 1 part by weight of the mercaptotriazine crosslinking agent. 

4. The cross linkable rubber composition according to 
claim 1, wherein the sulfur- containing crosslinking agent and 
the 2 , 3 -dlmercaptoquinoxaline crosslinking agent are contained 
in combination in an amount of 0,1 to 3 phr as the amount of 
sulfur, and an amount of 0*1 to 10 phr/ respectively. 

5. The crosslinkable rubber composition according to 
claim 4 , wherein the amount of the sulfur- containing 
crosslinking agent is in the range of 0.1 to 5 parts by weight 
per 1 part by weight of the 2 , 3-dimercaptoqulnoxaline 
crosslinking agent. 

6. The crosslinkable rubber composition according to 
claim 1 r wherein the 2 , 3-diiriercaptoquinoxaline crosslinking 
agent and the mercaptotriazine crosslinking agent are contained 
in combination in amounts of 0,1 to 10 phr and o.l to 10 phr, 
respectively. 

7. The crosslinkable rubber composition according to 
claim 6, wherein the amount of the mercaptotriazine crosslinking 
agent is in the range of 0/2 to 5 parts by weight per 1 part 
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by weight of the 2,3 -diroercaptosuinoxaline cross! Inking agent . 

8. The crosslirikable rubber composition according to 
any one of claims 1 to 7 , wherein the amounts of the nitrile 
rubber and the ep ihalohydr in rubber are 2 0 to 80 % by weight and 
80 to 20% by weight, respectively, based on the total weight 
of the rubber ingredient. 

9 . A crosslinked product obtained by crosslinking a 
crosslinkable rubber composition as claimed in any one of claims 
1 to 8. 

10 V The crosslinked product according to claim 9, which 
is a hose. 

11. The crosslinked product according to claim 9 , which 
is a roll. 
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ABSTRACT 

A rubber composition comprising a combination of a nitrile 
rubber and an epihalohydrin rubber is cross-linked to give a 
cross linked product , by using at least two kinds of cross linking 
agents selected from a sulfur- containing crossiinking agent , 
a mercaptotriazine crossiinking agent and a 2,3- 
dimercaptoquinoxaline crossiinking agant . 
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